In this paper, we prove some -convergence theorems in a hyperbolic space. A mixed Agarwal-O'Regan-Sahu type iterative scheme for approximating a common fixed point of total asymptotically nonexpansive mappings is constructed. Our results extend some results in the literature. MSC: 47H09; 49M05
Introduction and preliminaries
In this paper, we work in the setting of hyperbolic spaces introduced by Kohlenbach A hyperbolic space is uniformly convex [] if for u, x, y ∈ X, r >  and ∈ (, ], there exists δ ∈ (, ] such that 
A subset C of a hyperbolic space X is convex if W (x, y, λ) ∈ C for all x, y ∈ C and λ ∈ [, ]. Let (X, d) be a metric space, and let C be a nonempty subset of X. Recall that T : C → C is said to be a ({ν n }, {μ n }, ζ )-total asymptotically nonexpansive mapping if there exist nonnegative sequences {ν n }, {μ n } with ν n → , μ n →  and a strictly increasing continuous
It is well known that each nonexpansive mapping is an asymptotically nonexpansive mapping and each asymptotically nonexpansive mapping is a ({ν n }, {μ n }, ζ )-total asymptotically nonexpansive mapping.
The following iteration process is a translation of the mixed Agarwal-O'Regan-Sahu type iterative scheme introduced in [] from Banach spaces to hyperbolic spaces. The iteration rate of convergence is similar to the Picard iteration process and faster than other fixed point iteration processes. Besides, it is independent of Mann and Ishikawa iteration processes.
where C is a nonempty closed and convex subset of a complete uniformly convex hyperbolic space X with monotone modulus of uniform convexity η.
(i) )-total asymptotically nonexpansive mapping, and
asymptotically nonexpansive mapping such that the following conditions are satisfied:
Remark  Without loss of generality, we can assume that T i : C → C and S i : C → C, i = , , both are uniformly L-Lipschitzian and ({ν n }, {μ n }, ζ )-total asymptotically nonexpansive mappings satisfying conditions () and (). In fact, letting ν n = max{ν
and T i , i = , , are the required mappings.
Chang [] proved some strong convergence theorems and -convergence theorems for approximating a common fixed point of total asymptotically nonexpansive mappings http://www.journalofinequalitiesandapplications.com/content/2013/1/553 in a CAT() space using the mixed Agarwal-O'Regan-Sahu type iterative scheme. More precisely, one of the results is as follows. Let {x n } be a bounded sequence in a hyperbolic space X. For x ∈ X, we define
The asymptotic radius r({x n }) of {x n } is given by
The asymptotic radius r C ({x n }) of {x n } with respect to C ⊂ X is given by
The asymptotic center A({x n }) of {x n } is the set
The asymptotic center A C ({x n }) of {x n } with respect to C ⊂ X is the set
Recall that a sequence {x n } in X is said to -converge to x ∈ X if x is the unique asymptotic center of {u n } for every subsequence {u n } of {x n }. In this case, we call x the -limit of {x n }.
The following lemmas are important in our paper. 
Lemma  []
Let {a n }, {b n } and {c n } be sequences of nonnegative numbers such that a n+ ≤ ( + b n )a n + c n , ∀n ≥ .
If
∞ n= b n < ∞ and ∞ n= c n < ∞, then lim n→∞ a n exists.
Main results
In this section, we prove our main theorems. Proof We divide our proof into three steps.
Theorem  Let C be a nonempty closed and convex subset of a complete uniformly convex hyperbolic space X with monotone modulus of uniform convexity η. Let T i : C →
Step . In the sequel, we shall show that for each p ∈ F ,
In fact, by conditions (), (), (I) and (iii), one gets
Combining () and (), one has
and
where
Consequently, a combination of (), (), () and Lemma  shows that () is proved.
Step . We claim that
In fact, it follows from () that lim n→∞ d(x n , p) exists for each given p ∈ F . Without loss of generality, we assume that
By () and (), one has Besides, by () one gets
which yields that
Now, by (), () and Lemma , we have
Using the same method, we can also have that
It follows from (), () and condition (iv) that
By virtue of (), one has
Because we have
it follows from (), () and () that
Combining () and (), one obtains
Moreover, it follows from () and () that
This jointly with () and () yields that
Now by (), () and (), for each i = , , one gets
For each i = , , the combination of (), (), (), () and (iv) yields that
Therefore, () is proved.
Step . Now we are in a position to prove the -convergence of {x n }. Since {x n } is bounded, by Lemma , it has a unique asymptotic center A C ({x n }) = {x * }. Let {u n } be any subsequence of {x n } with A C ({u n }) = {u}, then by () and (), for each i = , , we have Hence, u ∈ F(T  ). Using the same method, we can prove that u ∈ F . By the uniqueness of asymptotic centers, we get that x * = u. It implies that x * is the unique asymptotic center of {u n } for each subsequence {u n } of {x n }, that is, {x n } -converges to x * ∈ F . The proof is completed.
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